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Accepted 8 November 2016The present work is a study of tin dioxide (SnO2) based thin sensitive layer dedicated to organic vapors detection
at ambient temperature. SnO2 thin ﬁlmwas deposited by chemical spray pyrolysis technique. The glass substrate
temperature was kept to 400 °C, using a starting solution of 0.1 M tin (II) dichloride dihydrate (SnCl2, 2H2O).
Films structural and morphological properties were characterized using X-ray diffraction (XRD), scanning elec-
tronmicroscopy (SEM) and atomic force microscope (AFM) respectively. Films optical characteristics were stud-
ied using UV-VIS spectrophotometer. XRD revealed the presence of pure SnO2 polycrystalline thin ﬁlm with a
tetragonal rutile structure. The SEM and AFM observations conﬁrmed the granular morphology with presence
of pores in the ﬁlm surface. The prepared ﬁlm was tested in various organic vapors (ethanol, methanol and ace-
tone) at ambient operating temperature (25 °C ± 2 °C). The obtained results suggested that SnO2 is more sensi-
tive to ethanol vapor with a maximum sensitivity of 35% higher than to methanol and acetone vapors (1% and
3%). The realized SnO2 based sensor demonstrated fast response and recovery times as revealed by the values
of 2 s to 3 s towards 47 ppm of ethanol vapor.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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UV–visible1. Introduction
Almost all organic solvents and alcohols are among the most
underrated hazards in the atmosphere. They are poisonous if swallowed
or inhaled in sufﬁcient quantity. They are anesthetics and irritants of the
eyes and upper respiratory tract. In high concentrations, alcohols like
ethanol, methanol and acetone can cause dizziness, intoxication,
blurred vision, possible liver and kidney damage. If swallowed, they
can cause blindness and even death. In this context, the environment
protection has established the air quality standards deﬁning an odor
threshold limit for chemical alcohols at 3 ppm (ethanol), 13 ppm (ace-
tone) and 84 ppm (methanol) [1–3]. The detection of these toxic gases
in the environment requires versatile sensors with higher sensitivity,
faster response and recovery time. Many metal oxide based gas sensors
such as TiO2,WO2, In2O3, ZnO and SnO2, show a large variation in con-
ductivity since they are able to detect a wide range of chemical and
toxic gases at trace ppmor subppm level [4–7]. Among them tin dioxide
thin ﬁlms (SnO2) enable the detection of many toxic and inﬂammable
gases such as ethanol, methanol and acetone. However, its working
principle requires sensor heating at high temperatures (100 to 350 °C)
[8]. These work conditions cause several damages in sensor structure
and its operation principle like thermal stability, heating device devel-
opment, thermal degradation of target compounds to be detected.jen), aida_salah2@yahoo.fr
. This is an open access article underExtensive research is still underway to produce reliable SnO2 sensors
by various synthesis techniques. These include physical vapor deposi-
tion (PVD) [9], laser ablation, molecular beam epitaxy, sputtering [10,
11], chemical vapor deposition (CVD), sol-gel, ultrasonic spray pyroly-
sis, spin and dip-coating [12–14]. Among these techniques, spray pyrol-
ysis is a simple and low cost-effective processing method. It is suitable
for preparation of undoped and doped semiconductors thin ﬁlms and
provides uniform and homogeneous layers on various glass substrates
[15]. This process enables to control many parameters such us the
grain size, the porosity and the thickness of layer. To the best of our
knowledge, there are no published studies of SnO2 based sensor for
the detection of alcoholic solvents at ambient temperature. The goal of
this work is to investigate the properties and the applicability of spray
pyrolysis deposited SnO2 thin ﬁlms as gas sensors working at ambient
temperature. Themain aim of the present study is to improve optimum
experiment parameters deposition (the scanning nozzle speed, the dis-
tance between spray nozzle-substrate, pressure and ﬂow rate) and op-
timum operating temperature where the response and recovery times
as function of the sensitivity of SnO2 thin ﬁlms are performed.
2. Experimental details
2.1. SnO2 thin ﬁlm preparation
The SnO2 thin ﬁlm is deposited using the precursor aqueous
isopropanol solution including tin (II) dichloride dihydrate (SnCl2,2H2O,
99.8%, Aldrich) in 100 ml deionized water and 25 ml of ethanolthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
(a)
Table. 1
Spray pyrolysis parameters for deposition of SnO2 thin ﬁlm.
Spray parameters
Constant parameters Values
Solution concentration 0.1 M
Substrate temperature 400 °C
Deposition time 30 min
Nozzle-substrate distance 18 cm
Scanning nozzle speed 5 mm/s
Solution ﬂow rate 0.5 ml
Solvents Deionized water, acetone and methanol
Carrier gas Compressed air
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(in acetone, methanol solution bath and rinsed in distilled water) were
placed on hot plate heated at T = 400 °C and the deposition time was
kept at 30 min. The scanning nozzle speed was done in the intervals
5 mm/s along X and Y axis, the spray nozzle is maintained constant at
distance of 18 cm from the substrate and ﬂow rate controlled through
air compressor regulator was done 0.5 ml/min. The process parameters
for SnO2 thin ﬁlms deposition are listed in Table 1.
2.2. Sensing measurements
For sensing measurements, inter-digitized Au electrodes were de-
posited on the ﬁlm surface by DC sputtering technique as shown on
the Fig. 1.
The vapor sensing studies were carried out by theway of a static gas
chamber to alcohols vapors detection in air ambient. The SnO2 thin ﬁlm
deposited at 400 °Cwas used as the sensing element. A thermocouple is
mounted to measure the temperature. The experiments were per-
formed at ambient temperature (25 °C ± 2 °C) with varying concentra-
tion from 23.4 ppm to 329 ppmof alcohols solution. The sensor response
to reducing gas such as ethanol, methanol and acetone is detected
through the sensors resistance, where the sensitivity is given by [15]:
S% ¼ Ra−Rg
  
=Ra  100% ð1Þ
Where Ra is the resistance of the ﬁlm in air and Rg is the ﬁlm resis-
tance during gas exposure. The time variations in SnO2 thin ﬁlm resis-
tance during gas vapor exposure were monitored by using a Keithley
617 programmable electrometer.Fig. 1. Image of inter-digitized electrodes used for SnO2 based gas sensors.3. Results and discussion
3.1. Structural properties
SnO2 thin ﬁlm was characterized using various analytical tech-
niques. The XRD study was primarily carried to determinate its struc-
ture and its preferential oriented.
Fig. 2(a) shows patterns of the deposited SnO2 thin ﬁlm. The pres-
ence of intense peaks indicates that the deposited ﬁlm has polycrystal-
line structure. The main peak can be clearly seen at 2ϴ value 26.5°
corresponding to atomic plane (110), and the others peaks assigned to
(101), (200), (211) planes conﬁrmed that the deposited SnO2 has a te-
tragonal rutile structure. No peaks corresponding to others phases of tin
oxide have appeared in the XRD patterns, thereby indicating the forma-
tion of pure SnO2 thin ﬁlm.
The crystallites sizes were estimated from XRD results according to
Scherrer's formula [16]:
d ¼ 0:9 λ
β cosθ
ð2Þ(b)
Fig. 2. (a) XRD patterns of the sensitive SnO2 thin ﬁlm (b) EDX spectrum of SnO2 thin ﬁlm
deposited at 400 °C.
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diation used and β is full width at half maximum (FWHM). As shown in
Fig. 2, SnO2 ﬁlm of thickness 1.7 μmexhibits diffraction peaks associated
with (110), (101), (200) and (211) orientations, the calculated grains
sizes from each diffraction peak, are relatively small, they are 80 nm,
70.4 nm, 19.2 nm, and 12.6 nm, respectively. The EDX spectrum
(Fig.2b) indicates the presence of Sn, O, Si and C elements, which con-
ﬁrms further the presence of pure SnO2 thin ﬁlm.(a)3.2. Films morphology
Scanning electron microscopy and atomic force microscope were
employed for the detailed morphology and topography studies. Fig. 3
is the SEM image of SnO2 thin ﬁlm prepared at substrate temperature
of 400 °C at 30min. As can be seen, the surfacemorphology is relatively
homogeneous, densewith a relatively rough surface. The grains are ran-
domly distributed on the ﬁlm surface with well-deﬁned grains bound-
aries. A great number of grains agglomerate to form large aggregates.
From SEM observations, the average grain size has been evaluated
about 500 nm. This value is larger than the average crystallites size
(80 nm) obtained from XRD study. This is due to the fact that grains
are formed from crystallites and particles aggregation. The same obser-
vations have been reported in spray deposited thin ﬁlms [17,18]. On the
others hand, the Fig. 4(a) and (b) show a typical three dimensional (3D)
and two dimensional (2D) AFM image of SnO2 thin ﬁlm deposited at
400 °C on glass substrate.
The (3D) picture indicates that the ﬁlm surface is formed with hills
and valley which are uniformly arranged over the entire substrate sur-
face. The (2D) observation of the deposited ﬁlm reveals a granular mor-
phology with presence of pores in the surface. From this image we
estimated the RMS (Root Mean Square Roughness), it is found equal
to 116.2 nm. Furthermore, it iswell recognized that highly rough surface
ﬁlmswith porous areas and large grains boundaries could be successful-
ly used as gas sensor.40
(b)
Fig. 4. (a) The AFM 3-D image, (b) the AFM image 2-D image of sprayed deposited SnO2
thin ﬁlm.3.3. Optical properties
The transmittance spectrum as function of wavelength is shown in
Fig. 5. It reveals that SnO2 ﬁlm has low transmittance in the visible
while an intense transmittance in the infrared region (900–1400 nm)
is observed. The ﬁlm band gap energy was determined from the trans-
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Fig. 5. Optical transmittance curve vs wave length for the sprayed SnO2 thin ﬁlm.Fig. 3. Typical SEM photograph of SnO2 thin ﬁlm deposited at 400 °C and 30 min.
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Fig. 7. Variation of sensitivity with temperature of SnO2 based sensor towards ethanol
(329 ppm).
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104 cm−1, according to the following Lambert's law [19]:
Ln
I0
I
 
¼ 2:303 A ¼ αd ð3Þ
Where I0 and I are the intensities of incident light and transmitted
light, respectively, A is the optical absorbance and d is theﬁlm thickness.
The band gap was calculated according to Tauc relation [18]:
αhυ ¼ D hυ−Egð Þn ð4Þ
Where α is absorption coefﬁcient, Eg is the optical band gap energy,
hυ is the photon energy, D is constant and n is an exponent that can
taken equal to 1/2 or 2 depending on the nature of the electronic tran-
sition (1/2 for direct and 2 for indirect band gap semiconductor respec-
tively). As shown in the Fig. 6, a wide direct band gap energy of 3.1 eV
calculated from the intercept, with X axis of linear portion of plot
(αhυ)2 versus (hυ).
3.4. Gas sensing characteristics
To improve the gas-sensing properties, using thin sensing layer with
large number of grains is necessary, this leads to high porosity and large
effective surface area available for absorption of alcohols species such as
ethanol, methanol and acetone. Hence, SnO2 based sensor response is
greatly inﬂuenced by its operating temperature. From Fig. 7, it is found
that sensitivity decrease with further increasing in operating tempera-
ture for the sensor based on SnO2 thin ﬁlm to vapor ethanol where ex-
posed to 329 ppm at various operation temperatures between 25 °C to
200 °C. In our case, the evolution of the sensitive layer response shows
amaximumvalue (~35%) at 25 °C. This indicates that our device can op-
erate at ambient temperature. This low operating temperaturemay lead
to the reduction of sensor power consumption and cost [20]. While, the
most reported operating temperatures in the literature are ranged from
100 to 500 °C [21]. This low operating temperature of our device can be
attributed to the ﬁlm morphology, as can be deduced from SEM and
AFM images, our ﬁlms exhibit a large rough surface. This is due to
used spray technique, it is well known that spay pyrolysis is a suitable
technique required for production of porous and rough layers through2,0 2,2 2,4 2,6 2,8 3,0 3,2 3,4 3,6 3,8
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Fig. 6. Plot of (αhυ)2 vs photon energy for SnO2 thin ﬁlm.the optimization of the deposition parameters such as ﬂow rate, sub-
strate temperature and solution molarity. [21].
In this case, the higher response of sensor may be attributed to the
large amount of porosity and roughness in the material.
The SnO2 based sensor fabricated by Zheng Lou et al. [22] shows a
relatively sensitivity response of 25% towards 50 ppm ethanol vapor
at operation temperatures from 240 °C to 360 °C. To the best of our
knowledge, a typical operation temperature at ambient correspond to
maximum response was not reported in the literature. Fig. 8(a) and
(b) show the time dependence of the response of the SnO2 ﬁlm for
two different concentrations of 329 ppm and 47 ppm which is the
limit of ethanol detection at ambient operating temperature in our
case. In addition, SnO2 based sensor demonstrated a fast response
times as revealed by the rapid changes in resistance and recovery to
original resistance when exposed alternatively to gas and air. We no-
ticed that the decrease in resistance, when ethanol vapor is injected, ex-
hibits a lower Rg than Rair [23]. The response and recovery times are
respectively the duration by which the layer reaches to almost 90% of
the saturation gas value and the time to recover its initial value when
the vapor is evacuated. The response and recovery times of the SnO2
sensor to the both 329 ppm and 47 ppm ethanol were approximately
2 s to 3 s. Clearly, the SnO2 ﬁlm based sensor exhibits a good response
to methanol and acetone exposure. In fact, as observed in the Fig. 9
the response and recovery times are markedly higher (5 s and 7 s) for
the SnO2 based sensor towards 47 ppmmethanol at ambient operation
temperature. The higher response and recovery time detected is proba-
bly due to the result of a complexmechanism of absorption and desorp-
tion of molecules when the layer is exposed to methanol vapor.
Finally, the gas responses of SnO2 ﬁlm sensor were measured by ex-
posing it to 47 ppm of various organic vapors such as ethanol, methanol
and acetone, at ambient temperature as shown in Fig. 10. From this, one
can conclude that SnO2 ﬁlm sensor has maximum sensitivity to ethanol
(limit detection ﬁxed to 47 ppm) and lesser sensitivity to acetone and
methanol. Furthermore, most of semiconducting oxide gas sensors are
based on the conductivity changes caused by the absorption and de-
sorption of the gas molecules on the surface of the sensing structure.
In ambient air, oxygen molecules can be absorbed onto the surface of
SnO2 sample and form O−, O2−, and O2– ions by capturing electrons
from the conduction band. When the SnO2 ﬁlm sensor is exposed to a
reducing gas, such as ethanol which reacts the oxygen species absorbed
onto surface and releases the trapped electrons back to the conduction
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Fig. 10. Response of SnO2 based sensor to 47 ppm of various organic vapors at 25 °C.
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conductance of the ﬁlm [24–25].
4. Conclusion
The SnO2 thin ﬁlm sensor was synthesized by spray pyrolysis tech-
nique at an optimized deposition parameters such as scanning nozzle
speed, pressure and time of 5 mm/s along X and Y-axis, 1 bar and
30 min respectively. The glass substrate temperature was carried at
400 °C. Physical properties of SnO2 ﬁlm namely optical, structural and
morphological characterizations were studied. The band gap energy
was estimated at 3.1 eV. The structural XRD study revealed that the de-
posited ﬁlm is polycrystalline in nature with (100) as a preferred orien-
tation. The grain size was evaluated to be 80 nm. Films SEM
observations reveal a granular morphology with presence of pores in
the surface. AFM observations conﬁrm the ﬁlms crystalline structure
with a high surface roughness. Two inter-digitized gold electrodes
were used for organic vapors-sensing measurements. The optimal sen-
sitivity was signiﬁcantly enhanced to ~35% at operating ambient tem-
perature (25 °C). Thereafter, reducing the operating temperature to
the ambient is a new result concerning the sensing of organic vaporsby SnO2 based sensor. These results obtained with a simpliﬁed test de-
vice are very promising for industrial applications, especially in gas
and vapors related chemical sensing and the reduction of sensor con-
suming power.Acknowledgements
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